This study sought to quantify the effect of body mass index (BMI) on early clinical outcomes following coronary artery bypass grafting (CABG). BACKGROUND Obesity is considered a risk factor for postoperative morbidity and mortality after cardiac surgery, although existing evidence is contradictory.
surgeon, intensive care unit (ICU), high dependency unit (HDU), and ward nurses. Data are entered into a database (Patient Analysis & Tracking System, Dendrite Clinical Systems, London, United Kingdom). For this study, data were extracted from the database for consecutive patients who had undergone CABG between April 1996 and September 2001. During this period, some surgeons adopted an off-pump surgical technique for many patients; all patients, whether undergoing surgery with cardiopulmonary bypass or off-pump, are included.
Cardiac catheterization was performed using standard methods during the course of routine clinical care. Angiography reports were reviewed before surgery to assess the severity of coronary artery disease, expressed as the number of diseased vessels. Priority of surgery was assessed by the cardiothoracic surgeon and was defined as follows: emergency (the surgery should be performed within hours to prevent morbidity or death), urgent (medical factors require the patient to stay in hospital waiting for an operation), elective (the clinical status of the patient allows discharge from hospital with readmission for surgery at a later date). Surgical technique and postoperative management. Anesthetic and surgical techniques were standardized for all patients and have been previously reported (9, 10) . At the end of surgery, patients were transferred to the ICU and were extubated as soon as they met the following criteria: hemodynamic stability, no excessive bleeding (Ͻ80 ml/h), normothermia, and consciousness with pain control. Postoperatively, fluid management and electrolyte deficiency were managed as previously reported (9) . Clinical data collection, monitoring, and definitions. Data were entered prospectively into the Patient Analysis & Tracking System. The research question was posed after the collection of the data but before any data analysis. Perioperative death was defined as any death occurring within 30 days of operation (regardless of where the death occurred) or in hospital (in patients who had not been discharged following the operation). Perioperative myocardial infarction, ST segment changes, pacing, arrhythmias, and inotropic requirement were recorded and defined as previously reported (9) . Pulmonary complication included chest infection, ventilation failure, reintubation, and tracheostomy. Postoperative blood loss was defined as total chest tube drainage (11) . Neurological complication included permanent and transient stroke (12) and Glasgow Coma Score Ͻ15 without sedation. Renal complication included postoperative creatinine Ͼ200 mol/l and acute renal failure as defined by the requirement of hemodialysis. Finally, infective complication included septicemia and sternal and leg wound infection as defined by positive culture and requiring antibiotic therapy (9) . Statistical analysis. Of the commonly used measures of obesity, BMI (defined as kg/m 2 ) is the body size measurement that best correlates with body fat content (13) . Body mass index values were categorized into one of five groups: underweight (Ͻ20 kg/m 2 ); normal weight (Ն20 and Ͻ25 kg/m 2 ); overweight (Ն25 and Ͻ30 kg/m 2 ); obese (Ն30 and Ͻ35 kg/m 2 ); severely obese (Ն35 kg/m 2 ). These groups were based, in part, on criteria specified by the American Heart Association guidelines for defining overweight (3). Additional groups-i.e., the underweight, normal weight, and severely obese-were included to characterize the entire BMI range. We chose not to analyze BMI as a continuous variable because this would have required making assumptions about underlying relationships between BMI and the clinical outcomes investigated in order to carry out multivariable modeling.
Continuously or discretely measured prognostic variables (age, Parsonnet score, number of grafts) and outcomes (blood loss; red blood cell, platelet, and fresh frozen plasma transfusion; postoperative hemoglobin levels; duration of ventilation, ICU stay, combined ICU and HDU stay, and total postoperative stay) were also grouped for analysis. All continuously or discretely measured outcomes were dichotomized for multivariable analyses.
Comparisons of the distributions of prognostic factors among BMI groups were carried out using chi-square or Fisher's exact tests when one or more expected frequency was Ͻ5. All comparisons of outcome among BMI groups were carried out using logistic regression modeling to take into account the consultant team responsible for a patient. (The four consultant teams were modeled as "fixed" effects using indicator variables.) Likelihood ratio tests were used to determine the probability of overall distributions of outcomes across BMI groups having arisen by chance. Regression models also estimated odds ratios (ORs) and 95% confidence intervals for the effects of underweight, overweight, obesity, and severe obesity compared with normal weight on the outcomes of interest.
Five propensity scores (describing the probability of classification into each BMI group as a function of all prognostic factors and year of operation) were derived using polytomous logistic regression, to take account of imbalances in the distribution of prognostic factors between BMI groups (14) . Logistic regression models were then fitted including the five propensity scores divided into quintiles, consultant team, and BMI group. Additional models, including key prognostic factors as well as the propensity scores, were investigated, but they are not reported here because they did not alter the estimates of effect of BMI group (15 Table 1 . It is striking that the majority of prognostic factors were distributed unequally across BMI groups. Some variables showed a steady change across groups, with the overweight and obese groups having a more favorable risk profile-e.g., fewer older patients, fewer patients with left main stem stenosis Ͼ50%, lower Parsonnet score, higher ejection fraction, less extensive coronary disease (trend tests across BMI groups all significant p Ͻ 0.001). Only two variables, the proportion of females and the prevalence of hypercholesterolemia, showed a clear trend in the opposite direction, i.e., the frequency of the risk factor increased with increasing obesity (trend test p Ͻ 0.001). Some variables had inverted U-shape distributions, with risk factors being more common at both extremes of BMI-e.g., prevalence of unstable angina, diabetes, and hypertension. Two risk factors, creatinine Ͼ200 mol/l and prevalence of chronic obstructive airways disease, were more prevalent in the underweight group and appeared similarly distributed across the other groups (trend tests p Ͻ 0.001 and p ϭ 0.13, respectively).
Comparisons of early clinical outcomes between BMI groups. The distributions of early clinical outcomes are shown in Table 2 . Likelihood tests showed that several outcomes were distributed unequally between BMI groups. Odds ratios for each outcome for different BMI groups relative to the normal weight group are tabulated in Table 3 , and key outcomes are shown graphically in the figures ( Fig.  1 : death, complications, and blood loss; Fig. 2 : markers of delayed recovery following surgery). The figures show ORs before and after taking account of imbalances in prognostic factors between groups using the propensity scores. Adjusted estimates tended to be closer to the line of no effect (OR ϭ 1), but it is notable that the overall profiles of the likelihood of outcomes as a function of BMI were largely unaltered by adjustment. The likelihood of complications as a function of BMI in the underweight, overweight, obese, and severely obese groups tended either to be uniform and not significantly different compared to the normal weight group (e.g., neurological complication, postoperative chest infection) or to be raised for the underweight group and not significantly different from the normal weight group for overweight and obese groups (e.g., perioperative death, need for an intraaortic balloon pump) (Fig. 1, Table 3 ). The latter type of profile across BMI groups was also shown for perioperative myocardial infarction and postoperative renal complication (Table 3 ), but the OR estimates for the underweight group, although substantially higher than unity (1.92 and 1.58, respectively) were not significantly different from unity (OR ϭ 1). These comparisons had low power to detect differences between groups because of the paucity of events.
Odds ratios for blood loss and transfusion requirement across BMI groups (Fig. 1, Table 3 ) show that overweight and obese patients tend to be protected against these outcomes compared with normal weight patients, with underweight patients having the same odds of these outcomes as normal weight patients. This tendency was clearly significant for postoperative blood loss Ͼ1,000 ml and the need for transfusion of platelets or fresh frozen plasma. The finding that obese patients were more likely to have a postoperative hemoglobin level Ն10 mg/dl was consistent with the lower odds of transfusion of platelets or fresh frozen plasma in these patients.
With respect to indicators of overall recovery, underweight patients appeared to recover less quickly than normal weight patients. They were more likely to be ventilated for Ͼ10 h, tended to require an ICU stay Ͼ1 night, and were more likely to stay in hospital Ͼ7 days. There was a suggestion from the ORs for these outcomes that obese and severely obese patients were also more likely than normal weight patients to stay in hospital Ͼ7 days.
DISCUSSION
Our study has two main findings. First, obese patients do not experience greater morbidity and mortality than normal weight patients after CABG after taking account of imbalances in key prognostic factors. The overweight group did not have significantly worse outcomes than the normal weight group for any of the adverse outcomes studied. Obese and severely obese groups fared worse than the normal weight group only with respect to the likelihood of staying in hospital Ͼ7 days after the operation. In contrast, underweight patients appeared to have a higher risk of death and common complications and to recover more slowly.
Second, in our institution, obese patients with severe ischemic heart disease (e.g., extent of coronary disease, Reeves et al. August 20, 2003:668-76 Effect of BMI After Coronary Surgery Numbers do not always sum to the totals for each BMI group because there were missing data for some outcomes (Ͻ1.3% for any variable except postoperative blood loss and transfusion requirement; the latter variables were not collected during the first year of data collection). *p values for overall effect of differences in outcome between BMI groups, based on a logistic regression model adjusting for the fixed effects of consultant team. A significant overall effect does not imply all pairwise comparisons between groups are significant, and some differences between pairs of groups can be significant even when the overall effect is not. Outcomes shown as having multiple categories were analyzed as dichotomous variables, as described in Table 3 and in the figures. †The two highest BMI groups were combined for the logistic regression analysis because of the small number of events in the highest BMI group. ‡The two highest and the two lowest BMI groups were combined for the logistic regression analysis because of the small number of events in the lowest and highest BMI groups. §Excluding length of stay for 21 patients who died in hospital. BMI ϭ body mass index; HDU ϭ high dependency unit; IABP ϭ intra-aortic balloon pump; ITU ϭ intensive therapy unit; MI ϭ myocardial infarction; RBC ϭ red blood cells; VF ϭ ventricular fibrillation; VT ϭ ventricular tachycardia. ejection fraction, left main stem stenosis; Table 1 ) are relatively under-represented among patients undergoing CABG. Conversely, there appears to be a relative excess of low-weight patients with severe ischemic heart disease and important comorbidities who needed urgent or emergency CABG. Study limitations. Without blinding, assessment of some outcomes could have been biased by knowledge of the BMI of patients, e.g., obese patients may have been kept in hospital longer as a precaution. In our institution, strict local guidelines are used to make decisions about perioperative patient care management; these guidelines were applied carefully throughout the period of the study and minimized the susceptibility of outcomes to bias. Moreover, given the prevailing view that obesity is a risk factor for poor outcome (4, 5, 16) , such biases would have resulted in the overweight and obese groups appearing to be more at risk than in fact they were. Therefore, bias cannot explain why we did not observe an increase in the risk of mortality and morbidity in overweight and obese patients, although it may explain why obese and severely obese patients were more likely to stay in hospital Ͼ7 days.
The BMI groups consisted of patients with, on average, different risk profiles. Multiple regression modeling can never entirely account for these differences, and adjusted effects may still be influenced by residual confounding. However, if confounding was a serious problem, one would expect unadjusted and adjusted estimates of the ORs to differ quite markedly. Moreover, the risk of adverse outcomes was consistently lower or not significantly different in overweight and obese groups compared with the normal weight group. The protective effects against mortality and morbidity observed in obese patients may be optimistic, but it is unlikely that residual confounding could reverse the direction of these effects.
We are uncertain about the mechanism underlying the apparent increase in the risk of poorer outcomes for underweight patients. The underweight group had, on average, worse left ventricular function, was older, and had a higher percentage of patients with diabetes and chronic obstructive airways disease than the normal weight group. Statistical adjustment for these differences may have been incomplete. Variation in the risk of adverse outcomes for different BMI groups. Many studies either have dichotomized patients into obese and non-obese groups, with varying cut-off criteria for defining obesity (4 -7,17) , or have divided patients into more than two groups on the basis of observed centiles (18, 19) . Studies have also used different criteria for inclusion; one considered only elective patients (7), and three studies included patients undergoing heart valve repair as well as CABG (4, 6, 20) . With respect to the varying risk of adverse outcomes for different BMI groups, however, it is clear that ours is not the first study to contradict the prevailing view that obesity is a risk factor for operative mortality and morbidity following CABG (6,7,17,19) or to conclude that obesity may be protective against some adverse outcomes (8,18). We identified only one previous study that estimated the risk of operative morbidity and mortality in a defined "low weight" group, i.e., separating a "lower-than-normal" weight group (BMI Ͻ20 kg/m 2 ) from a normal weight group (BMI Ն20 and Ͻ25 kg/m 2 ) (20) . This study also found that underweight patients had an increased risk of mortality and morbidity. A further study found that "low" BMI was an independent predictor of mortality and morbidity but took no account of differences in case-mix (8) . Our study has quantified the independent and important role of low weight (BMI Ͻ20 kg/m 2 ) as a predictor of perioperative death and major complications compared with normal weight, after adjusting for case-mix. We conclude that the increased risk of adverse outcomes in lower weight patients is largely confined to those who are underweight.
One of our striking findings was that, compared to the normal weight group, overweight and obese groups were significantly less likely to experience excessive postoperative bleeding (Ͼ1,000 ml) and to require transfusion of platelets or fresh frozen plasma. This result is counterintuitive but is consistent with those of other studies (8, 18) . A further study found that obese patients (Ͼ30 kg/m 2 ) had a decreased risk of reexploration for bleeding (20) . Persistence of belief that obesity is a risk factor for mortality and morbidity after CABG. There are at least three possible reasons obesity is still considered to be an important risk factor for morbidity following CABG: 1) the "power" and influence of analyses from national databases (5) and perceived methodological problems with single center studies; 2) the inclusion of obesity in the Parsonnet score (4); 3) the difficulty for physicians in partitioning the complex effects of other risk factors that may often be associated with obesity.
What is clear from our own analysis and those of others is: 1) it is not sufficient simply to compare obese and Figure 1 . The effect of body mass index (BMI) on perioperative death, postoperative complications, and postoperative blood loss following coronary artery bypass grafting. Unadjusted (closed circles) and adjusted (open circles) odds ratios and 95% confidence intervals for underweight and overweight groups of increasing BMI compared with a normal weight group. *For hospital death, the two highest BMI categories were combined for analysis.
